In countries with highly-developed financial systems bank portfolios have high exposure, directly or indirectly, to the real estate sector. Changes in the value of real estate can have a potentially significant impact on the default risk of banks and on their profitability as a result of this high exposure to the real estate sector. This scenario is especially critical during real estate crises, when bank losses tend to increase dramatically, placing the entire financial system at risk of collapse, as it was the case in the recent international subprime crisis. This article studies the sensitivity of bank stock returns to real estate returns. The results indicate that EU-15 bank stocks are sensitive to real estate returns; there is a positive relation between bank stock returns and real estate returns after controlling for general market conditions and interest rates. In particular, small banks with greater asset exposure to the real estate sector showed to be more sensitive to changes in the real estate returns.
Introduction
In countries with highly-developed financial systems bank portfolios have high exposure, directly or indirectly, to the real estate sector. He et al. (1996) , Lausberg This way, in spite of all bank loans being vulnerable to general market conditions, the default risk on real estate loans is influenced by a specific factor: bank real estate loans are affected by movements in the real estate market which are only indirectly related to the general economic conditions. Taking into account that the market value of banks is systematically influenced by the real estate market, the valuation models of bank stock returns should include factors which reflect the specific conditions in the real estate market. Given that, the financing of the real estate industry constitutes a significant part of the banks loan portfolios, it is likely that real estate market conditions affect the share price of bank.
The inclusion of real estate market conditions as a risk factor has not been thoroughly considered in the literature. Studies looking the behaviour of bank share prices have tended to focus only on market risk and interest rates (see for example, Viale et al. 2009 ). However, the Asian financial crisis and more recently the subprime crisis highlighted the importance of the real estate risk. Herring and Wachter (1999) and Lu and So (2005) state that, before these crises, there was a tendency for overinvestment in the real estate sector due to the high returns associated with this type of investment, potentially driving the occurrence of speculative bubbles in real estate prices in the vast majority of these markets. Furthermore, the increase in real estate prices tends also to bring about an increase in the value of collaterals, resulting in a perceived lower risk by the lender. For these reasons, the increase in real estate prices tends to produce increasing bank credit granting, which in turn, leads to new further rises in real estate prices.
A drop in real estate prices brings about a reduction in bank equity, as a consequence of the reduction in the value of the real estate asset portfolios held by banks, and by the corresponding reduction of collaterals. Also, the drop in real estate prices tends to result in greater awareness by banks of the perceived risks of real estate loans. For these reasons, it is very likely that a significant decrease in bank credit granting will occur. Added to this, supervisors and regulators react to this scenario of reduced bank equity with additional requirements of solvability and more stringent rules for the risk evaluation and provisioning for bad loans of real estate assets. These measures result in a further reduction in the bank credit magnifying the downfall movement in real estate prices. This seems to be the mechanism of transmission between real estate market conditions and bank stock risk and returns.
In this article, we study the sensitivity of EU-15 bank returns with regards to real estate sector returns. In particular, we look at the relationship between the banking industry returns and the returns of real estate companies, for each of the EU-15 countries, in order to assess the reasonableness of the hypothesis of a priced risk factor in real estate returns of European banks. Later, we analyse the individual sensitivity determinants of the EU-15 listed banks, in particular, size and relative asset exposure to the real estate market. In our analysis we use a three-factor risk model and an extended Fama-French model (1992 and .
The results of our research indicate that the stocks of EU-15 banks are sensitive to the changes in real estate returns. We find a positive relation between bank stock returns and real estate returns, even after controlling for general market conditions and interest rates changes. In particular, small banks with greater asset exposure to the real estate market showed to be more sensitive to changes in real estate returns.
The remainder of the article is organized as follows. In section 2 we present a review of the previous literature and main empirical findings. The methodology and sample are discussed in section 3. The empirical results are presented and discussed in section 4. The conclusions appear in section 5.
Literature Review
Studies looking at the importance of real estate market conditions on bank returns are fairly recent and almost exclusively look at the US market.
The vast majority of studies that look into common risk factors in bank stock returns uses a two-factor risk model, which indicates that bank stock returns are influenced by general market conditions and by movements in interest rates (see, for example, Flannery and James, 1984 and Viale et al. 2009 ). These authors find a significant negative relation between, the change in interest rates and bank returns, conditional on the balance-sheet exposure to interest rate risk. Allen et al. (1995) argue that the value of banks react significantly to real estate market conditions when: (1) banks have a significant exposure to the real estate sector; and (2) the exposure is significantly influenced by changes in the conditions of the real estate sector. The first condition can be easily verified through analysis of the annual reports of banks. The second condition, concerning the systematic influence of the real estate conditions on bank valuations, as function of its exposure, is analysed in section 2.1.
Real Estate Market and Bank Values
Although mortgage loans are exposed to interest rate risk, they are also exposed to default risk. As previously stated, the default risk is at least in part a function of changes in the value of real estate. When there is a decrease in the value of loan collaterals, there is an increased probability of default due to the decreased value of loans with collateral. Thus, given that the value of collateral has an impact on the value of loans and mortgages, the potential loss to a bank as a result of default risk is inversely related to the value of the collateral.
While the real estate market and overall stock market indices are positively correlated 1 , these two markets do not always behave identically. Thus the impact of changes in real estate market conditions, measured by the banks' exposure to this factor, is thus not completely captured by the market benchmark.
Based on the arguments above, the value of bank is positively related to changes in real estate market value. The importance of the relationship between the market value of a particular bank and real estate market value should be a function of the bank's exposure to real estate assets.
In addition, there is a relationship between the size effect and bank sensitivities to real estate market conditions, due to the relevant issue of moral hazard or of "too big to fail." Mei and Lee (1994) and Mei and Saunders (1995) found that in the US, a greater sensitivity to the real estate sector is prevalent in small banks. In part, this may be due to the fact that investors attribute a lower probability of default to large banks, due to systemic risk. Large banks are perceived as safer because, ultimately, they would be bailed out by governments (see O'Hara and Shaw, 1990 ). On the other hand, this may be due to the fact that small banks have less sophisticated risk-analysis tools 2 and less ability to diversify risk. Thus, ceteris paribus, for different levels of real estate holdings, larger banks should have a lower sensitivity to the conditions in the real estate market. Table 1 shows a summary of the main studies looking at the relationship between market capitalization of banks and real estate market risk. The majority of these studies was done for the US market and all of them use multi-factor models. The variables used and the time periods considered vary substantially. This gives greater robustness to the evidence found, which underlines the importance of a real estate risk factor in bank stock returns. (1996) further show that banks with reduced equity ratios tend to reduce real estate credit grants in a substantial manner after regulatory measures are introduced. Ghosh et al. (1997) show also the prices of financial institutions react negatively to announcement of adverse news concerning the real estate industry.
Previous Empirical Findings
Hancock and Wilcox (1993, 1994 and 1997) carried out a set of studies on the interaction between loan grants and real estate market activity. They show that the flow of bank loans in the US in 1990 declined primarily due to problems related to the real estate industry and suggest that the reduction of bank equity had a significant effect on the residential and commercial real estate market.
Methodology and Sample

Methodology
The literature reviewed above shows the existence of a close relationship between banking activity and the real estate industry, in the U.S. and in Asia. However, no direct analysis was conducted in order to test the sensitivity of bank returns with respect to the real estate conditions in European countries.
To carry out the analysis of the relation between EU-15 bank stock returns and the real estate market conditions we use two models: a three-factor risk model (market risk, interest rate risk and real estate market risk) and an extended Fama-French model with a real estate market risk factor.
The three-factor model used for each of the EU-15 markets is the following: The estimation procedure is the Generalized Method of Moments (GMM) 4 , so that the t statistics for the estimated regressions are corrected heterokedasticity and autocorrelation.
Given the internationalization of business activities and the integration of the banking industry at a regional and international level, we also compute sensitivities of bank returns using real estate regional indices. 
The sensitivity of bank returns to economic factors tends to be dependent on the specific characteristics of banks. For example, Jahankhani and Lynge (1980) argue that bank betas are related to dividend payout ratios, variability of deposits and to the ratio between loans and deposits. Flannery and James (1984) show that the sensitivity to interest rates appears to be related to the mismatch of asset durations against liabilities.
Given that the empirical evidence points to the existence of the sensitivity of bank returns to the movements in the real estate market, we study the relationship between the specific characteristics of banks and the real estate market risk coefficients obtained in the three-factor model and in the extended Fama-French model. To this end, the hypothesis that the sensitivity of real estate market risk is related to bank size and bank asset exposure to the real estate market is tested.
To evaluate this, we looked at: (1) the sensitivities to real estate for the different quantiles of bank size and bank asset exposure to the real estate market; and (2) we use cross-section regressions of sensitivities of bank stock returns to real estate and the proxy variables associated to size and asset exposure of banks to the real estate market.
The simple and multiple cross-section regression specifications are as follows:
where, are the estimated betas obtained from estimating (1) and (2) above for bank i
and VR i is a variable associated to size (VRD i ) or the relative asset (balance sheet) exposure to real estate market (VRE i ), for bank i. α 1 and α 2 are the coefficients to estimate. α 0 is the independent term and ε i is the error term.
Sample
Three-Factor Model and the Fama-French Extended Model
We use daily and monthly returns for the different time periods. Three time frames are used in the estimates of the two models: (1) Total Period -this time frame differs from country to country, by virtue of the depth of the series used in the model estimates. The estimates are conducted for a period with an indicated start date for Tables 4, 5 In choosing the proxies to use in the estimates of the three-factor model and the Table 1 ). In this regard, Allen et al. (1995) mention that the use of REITs indices are justified because they are based on market transactions in opposition to real estate market return measures based on valuations made by surveyors. According to the authors, the latter do not constitute a perfect measure of real estate market activity due to the price smoothing problems (see also in this respect, Geltner, 1991 and Geltner and Ling, 2006 8 For a throughout discussion, see Allen et al. (1995) .
transactions, it is to be expected they constitute an unbiased measure of real estate market fundamentals 9 .
To assess the robustness of the obtained results, the analysis is repeated using REITs returns as proxy for the real estate market returns, for the countries for which there are long series of REITs returns 10 .
We use unexpected yield changes on 10-year government bonds Given the conclusions obtained by He et al. (1996) , as the proxy for the interest rate risk factor 11 .
To compute unexpected changes in government bond yields we follow Flannery and James (1984) . The changes yields are calculated using the following procedure:
To estimate the unexpected government bond interest rates, the following AR(p) model is used 12 .
The error term of equation (7), w t , represents the unexpected change of bond interest rate yields.
The stock market indices for each EU-15 country are used as the benchmark for stock market returns 13 .
Banks Characteristics and Real Estate Market Sensitivities
We use a sample of 202 EU-15 listed banks 14 . The breakdown by country is described in panel A of Panel B of Table 2 shows that the return index for the banking industry is positively and significantly correlated to the return index for real estate companies. This evidence is consistent with the argument that banks are exposed to real estate market risk. There is also a strong and significant correlation between market returns and either banking industry returns or real estate companies returns. Panel C of Table 2 With respect to the average asset bank exposure of European banks to the real estate market, we note a higher exposure of Irish, Spanish, British and Swedish banks.
Results
Descriptive statistics
Panel B of Table 3 shows the correlation matrix between measures associated with size and the relative exposure to the real estate sector. Size and relative asset exposure to the real estate sector are highly correlated.
Finally, in Panel C of Table 3 , a comparative analysis is done between the 202 listed banks and the universe of banks in the EU-15 countries, in terms of number, average size and relative exposure to the real estate market. Whilst there is no substantial difference between listed banks and the universe of banks with respect to relative exposure to the real estate market, the average listed bank is substantially larger than the overall average bank. Tables 4 and 5 Tables 4 and 5 show that: 1) bank returns are positively and significantly related to the returns of real estate companies in most EU-15 countries; 2) the three-factor model seems to capture in a reasonable manner the relationship between bank returns and the risk factors considered, and that the "average contribution of omitted variables" of the model seems small and economically insignificant; 3) the more significant effects come from the market itself, as indicated by the significantly high coefficients associated to this factor; 4) the effects of interest rates do not appear to be significant in determining bank stock returns for the majority of EU-15 countries. Lu and So (2005) found similar results in their study of the Asian market. According to these authors, equation (1) To test the robustness of the results, the analysis is repeated using the REITs returns as proxy for the real estate market returns. These results appear in Table 7 and do not reveal any significant changes to the sensitivity of bank stock returns to the real estate market.
Sensitivities of Bank Returns to Real Estate
____________________________________________ INSERT Table 8 show the influence of the subprime crisis on possible changes in the sensitivities of bank stock returns to overall market risk, market interest rates and the movements in the real estate market. The results show an increasing influence of the real estate market movements on the returns of Irish, Spanish and British banks after the subprime crisis. This shows that banks in these countries have become more sensitive to the movements in the real estate industry after the subprime crisis suggesting that investors were more concerned about mortgage lending after the subprime crisis. For the remaining European countries, it is not clear that there is an increase in the sensitivity of bank returns to real estate market conditions after the subprime crisis.
____________________________________________ INSERT TABLE 8 _____________________________________________ Acknowledging the internationalization process of business activities by banks and the integration of the banking industry at a regional level, we also assess the impact of domestic, regional and international real estate activities on bank stock returns. Table   9 compares bank's exposure to the movements in real estate markets regionally and internationally.
____________________________________________ INSERT TABLE 9 _____________________________________________ Given the weight that the banking industry has on the overall market capitalization and the fact that the risks associated with their portfolio of real estate assets is located at a regional level, we repeated the estimates of equations (1) and (2) for 11 countries of the EU-15, now considering a regional index as the proxy associated to the real estate market. The estimates for the two models are presented in Tables 10,   11 The results in Table 13 show that the sensitivity to real estate market risk is higher for the portfolios of small banks. The test statistic t for the differences between the averages confirms the existence of statistically significant differences between large and small banks sensitivity to real estate market risk. Further, the simple and multiple cross-section regressions (Tables 15 and 16) show that the larger the bank size the lower tends to be its sensitivity to real estate market risk, with the exception of the regression for loans and monthly returns based on the extended Fama-French model.
Size Sensitivities of Banks to Real Estate Asset Exposure
The explanation for this fact may be due to the issue of moral hazard or of "too big to fail"; with investors attributing a lower probability of default to large banks due to the systemic risk for the banking system and where they ultimately tend to be bailed out by governments. Another explanation for this fact may be due to the fact that small banks possess less sophisticated risk-analysis tools which lead to an excessive concentration of risk in a given segment or market. The simple cross-section regressions (Table 15) 
Conclusion
Given the weight of real estate assets on the balance sheets of banks, the objective of this study is to assess if bank stock returns are systematically affected by the real estate market returns. The results show the existence of a positive and statistically significant relationship between bank stock returns and the real estate market returns proxies suggesting that real estate risk is a priced factor This relationship between bank stock returns and the proxies for real estate is more significant when regional market indices are used as benchmark for real estate market conditions, which is justified given that most of major European banks are global banks. The results further show an increasing influence of real estate market movements in the bank stock returns, after the subprime crisis, in Ireland, Spain and the United Kingdom.
This study also tests the hypothesis of bank sensitivities to real estate returns being a function of the size and the degree of asset exposure to the real estate market of banks. The results indicate that small banks with greater relative asset balance sheet exposure to the real estate sector tend to be more sensitive to real estate market returns.
These results have two important implications. First, regulators, managers and investors should monitor the exposition of banks to the real estate market, just as they monitor the exposure of bank to interest rates. Second, with respect to event analyses for the banking sector, the results suggest that the models used to evaluate assets should incorporate an additional risk factor -real estate market risk. Similarly, real estate market risk should be included alongside market risk and interest rates in the cost of capital and asset pricing models, when assessing the NPV of bank investments or evaluating bank performance.
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I. US Market
Mei and Lee
i. Indices: Return on a stock index (R i ), dividend yield on a market portfolio (R M ), t-bill rates (R I ), income yield on the Wilshire real estate index (R R ), spread between AAA bonds and t-bills (default risk factor).
ii. Others: return of the stock market (R M ), government bonds (R I ), REITs, small caps, and on the Russell-NCREIF portfolio (R R ).
iii. Period: 1978-1989.
iv.
Quarterly Returns
There is a real estate risk premium for all stocks in addition to the stock market and the interest rate risk premium.
Mei and Saunders
v. Indices: Returns on different portfolios of 180 US-banks (R i ), dividend yield on a market portfolio (R M ), t-bill rate (R I ), cap-rate constructed as a ratio of net stabilized earnings to the market-value (market price) of a well diversified property portfolio (ACLI cap-rate) (R R ), spread between AAA bonds and t-bills (default risk factor), January variable (dummy).
i. Others: Return on portfolios of the stock market (R M ), government bonds (R I ) and REITs (R R ).
ii. Period: 1971-1989. iii.
Monthly Returns
A premium for real estate risk is increasingly apparent in bank stocks, presumably reflecting these banks' growing exposures in this area; it could be as high as the premium for interest rate risk.
Notes: R i , R M , R I , R R respectively means the bank returns; market performance; interest rates; and real estate returns. 
Allen, Madura and
Wiant (1995) i. Indices: Returns on 125 US-banks, separately and divided into portfolios (R i ), S&P 500 index (R M ), actual T-bond rates and unexpected T-bond yield changes (R I ), NAREIT Equity REIT Index (R R ).
ii. Others: Balance sheet data.
iii. Period: 1979-1992.
Monthly Returns
There is a positive relationship between monthly bank returns and the real estate index; the sensitivity of bank values to the real estate market has increased over time; the bank-specific sensitivity is positively related to the bank´s balance sheet exposure to real estate.
He, Myer and
Webb (1996) i. Indices: Returns on various portfolios of 166-US-bank holding companies (R i ), four different stock market proxies (R M ), three proxies of interest rate (R I ) and six real estate returns proxies (R R ).
iii. Period: 1986-1991.
Weekly and Monthly Returns
Bank stocks are very sensitive to changes in real estate returns; banks with a larger portion of their total loans invested in real estate are more sensitive.
II.
Asian Markets
Lu and So (2005) i. Indices: Return of listed banks portfolio (R i ), return of stock market index (R M ), expected and unexpected three-month inter-bank interest rate (R I ) and return of real estate companies portfolio (R R ).
ii. Others: interest rate spread, defined as the difference between the three-month inter-bank rates and the deposit rates (R I ).
iii. Period: 1995-1999.
Daily Returns
They found that listed banks were exposed to real estate risk both before and after the crisis, but that the exposure increased in the post-crisis period. The large effect on the real estate sector on bank stock returns implies that, after the crisis, the hidden risk of real estate collateral on the bank lending process was explicit and recognized. (0.967) (0.000) (0.007) (0.071) (0.000) (0.321) (0.537) (0.000) (0.304) (0.042) (0.000) (0.000) 1 In parentheses is indicated the geographic region used as a risk factor of the real estate industry in the estimation of equation (2). is the estimated beta value associated to real estate market risk for bank i and VRD i e VRE i are the variables associated to the size and relative exposure to the real estate assets, for bank i, respectively. α 0 is the independent term and ε i is the error term. 
